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Abstract. Intensification of drought phenomena during vegetation period of plants 
determined serious problems for Romanian farmers by partial or total disparagement of cultures in 
the last years. This problem is also common for fodder producing farmers from Transylvania. 
Introducing in fodder plant assortment of some drought resistant species, like type C4 species 
(sweet sorghum, sorghum x Sudan grass and others) could represent a long-term solution for these 
farmers. Because these plants need big temperatures for optimal germination the risk of water 
loosing in the upper stratum of soil in which they are sown appears. In these conditions it is very 
important to know how big temperature and low humidity during germination process can 
influence the germination energy and the length of embryonic roots. The purpose of this research 
was to study the comparative reaction of maize and sweet sorghum seeds at four treatments with 
different humidity and temperature applied during germination process in order to evaluate the 
germination energy and length of embryonic roots. 
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INTRODUCTION 
 
In the last years Romania’s agriculture and farmers have to cope with new 
challenges. Among these challenges the uncertainty of vegetal harvests and the biomass 
production decrease, in the frame of recent climatic changes (National strategy regarding 
the reducing of drought effects, 2008), as well as the new requirements assessed by 
European Union through good agricultural and environmental practices – GAEC and other 
national settlements for the farmers who solicit financial support, can be mentioned 
(National rural development plan, 2008). In these conditions farmers have to choice that 
structure of cultures and culture technologies which answer the best at their economic and 
social needs (Lemaire, 2007). Through this choice they have also to answer at ecological 
and environmental requirements assessed by EU, at state and society’s expectations, in its 
double situation as financier and agricultural products consumer.  
In order to answer to these requirements and expectations farmers need to benefit of 
as many and as new as possible information regarding the assortment of plants which are 
drought resistant. Concerning these plants it is recommended to know their fodder value, 
other complementary possibilities of utilization (for example in food industry or as bio-
fuel) and possibility to be cultivated in different regions, but their culture technology 
characteristics too. The last ones are determined by physiological characteristics less 
known by farmers, especially in case of C4 type of plants (for example different species of 
Sorghum Genus). Plants of C4 type present a more intense photosynthetic activity in 
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comparison with C3 type of plants, which are characteristic to temperate zone (Farineau 
and Gaudry, 2006). Plants of C4 type, being high temperature requiring plants, have bigger 
exigencies at minimal germination temperature and at soil water reserve in the first stages 
of vegetation than C3 type of plants (Durand, 2007). To put good use of these water 
reserves at C4 type of plants it is important to know the germination energy and the length 
of embryonic roots (Detoni, 1997). 
The answers for these kinds of problems are given by the results of present 
research. Dissemination of these results to farmers represents a first step in farmer’s 
helping regarding the new provocations which they are confronted with. 
 
MATERIALS AND METHODS 
 
In this experiment two fodder plants respectively maize and sweet sorghum were 
studied. Seeds of both species were put to germinate during 7 days at four different 
treatments, each variant being placed in four replicates, each replicate containing 50 seeds. 
The four different treatments were: 1) standard conditions (AOSA and ISTA rules) – 16 
hours at 20°C and 8 hours at 30°C during 7 days; 2) imbibition for 24 h at 25°C followed 
by 7 days at 25°C; 3) 7 days at 25°C; 4) imbibition for 24 h at 25°C followed by thermal 
shock (2 h at 50°C) and germination during 7 days at 25°C. Paper towel was used as 
substrate for germination and the method used was that of folding paper towel. Four days 
after experiment beginning the germination energy and the length of embryonic roots for 
both species and for all four treatments were determined. The data obtained for the two’s 
studied parameters were statistical analyzed using ANOVA and Duncan test. 
 
RESULTS AND DISCUSSION 
 
Based on data resulted from analysis of variance, as could be seen in table 1, for all 
variants which for seeds were put to germinate at 25°C temperature, they recorded a big 
germination energy. The number of germinated seeds was very significant bigger in 
comparison with control for both variants which for seeds were imbibated: variant 2 – 
imbibition for 24 h at 25°C followed by 7 days at 25°C and variant 4 – imbibition for 24 h 
at 25°C followed by thermal shock (2 h at 50°C) and germination during 7 days at 25°C. 
At variant which for seeds were put to germinate at 25°C without other treatment the 
number of germinated seeds was only distinct significant bigger in comparison with 
control. Clarification of differentiation factor among experimental variants was done by 
analysis of data through Duncan test. Based on obtained results, as could be seen in table 2, 
it can be remarked that the difference between 2 and 4 variants was generated by seeds 
exposure at thermal shock (2 h at 50°C) after a previous imbibition for 24 h. 
Specialty literature data sustain that bigger drought resistance of C4 plants in 
comparison with other plants is due to some morphological particularities (Abdulai, 2005) 
like their capacity to develop a longer root during germination process. 
Starting from this assumption, through this research, the length of embryonic roots 
for species took into the study and exposed at four different treatments during germination 
process was determined. Analyzing the data concerning the length of embryonic roots of 
maize plantlets at germination energy time it can be observed that all applied treatments 
had a positive influence conducting to increases of roots length which were statistical 
proved (Tab. 3). 
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Tab. 1 
The influence of temperature on germination energy of maize seeds 
 
Var. 
No. Treatment 
Number of 
germinated 
seeds 
% of 
germinated 
seeds 
Difference of 
germinated 
seeds 
Signification 
1. 16 h at 20°C and 8 h at 30°C during 7 days – standard 12.25 100.0 0.00 control 
2. imbibition for 24 h at 25°C, 7 days at 25°C 36.25 295.9 24.00 *** 
3. 7 days at 25°C 22.75 185.7 10.50 ** 
4. 
imbibition for 24 h at 25°C, 
thermal shock (2 h at 50°C), 7 
days at 25°C 
26.00 212.2 13.75 *** 
LSD (p 5%) 6.38; LSD (p 1%) 9.18; LSD (p 0.1%) 13.50 
  
Tab. 2 
Synthesis of comparisons regarding germination energy of maize seeds 
 
Variant Number of germinated seeds Signification 
1 12.25 A 
3 22.75 B 
4 26.00 B 
2 36.25 C 
Theoretic SD values 6.3; 6.6; 6.8   
Tab. 3 
The influence of germination temperature on the length of embryonic roots of maize plantlets 
 
Variant Length of embryonic roots (cm) % Difference Signification 
1 7.00 100.0 0.0 control 
2 9.50 135.7 2.5 *** 
3 8.80 125.7 1.8 *** 
4 7.70 110.0 0.7 * 
LSD (p 5%) 0.54; LSD (p 1%) 0.78; LSD (p 0.1%) 1.14 
 
Among experimental variants very significant increases were recorded in case of 
plantlets resulted from seeds imbibated with water during 24 h at 25°C followed by 
germination at 25°C (variant 2), respectively in case of plantlets resulted from seeds 
germinated at 25°C (variant 3).  
To appreciate the efficiency respectively the differences among variants (variant 2 
and variant 3) caused by applied treatment, Duncan test was performed. Analyzing the 
obtained data (Tab. 4) it can be observed that germination of seeds at 25°C after a previous 
imbibition for 24 h at 25°C determine a bigger length of embryonic roots (7.0 mm more) in 
comparison with germination at 25°C without other treatments.   
Tab. 4 
Synthesis of comparison among lengths of embryonic roots at maize 
 
Variant Length of embryonic roots (cm) Signification 
1 7.00 A 
4 7.70 B 
3 8.80 C 
2 9.50 D 
Theoretic SD value 0.5 
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Regarding sweet sorghum seeds it can be observed they had bigger or at least equal 
germination energy in comparison with the biggest value recorded for maize seeds. 
Statistical analysis of data indicates the positive influence of all applied treatments on 
germination energy of seeds (Tab. 5). In comparison with control the number of embryos 
was very significant bigger for all experimental variants.  
Tab. 5 
The influence of temperature on germination energy of sweet sorghum seeds 
 
Variant Number of germinated 
seeds 
% of germinated 
seeds 
Difference of germinated 
seeds  Signification 
1 24.25 100.0 0.00 control 
2 36.25 149.5 12.00 *** 
3 47.00 193.8 22.75 *** 
4 30.25 124.7 6.00 *** 
LSD (p 5%) 2.67; LSD (p 1%) 3.83; LSD (p 0.1%) 5.64 
 
To appreciate the efficiency of treatments Duncan test was used. Analyzing the 
obtained data it resulted that each treatment has a proper influence (Tab. 6). Among 
treatments applied at this specie the biggest efficiency was recorded in case of variant 3, 
which for seeds were put to germinate at 25°C without other interventions such as a 
previous imbibition.    
The significant lesser number of germinated seeds in variant 4 (imbibition for 24 h 
at 25°C followed by a thermal shock at 50°C during 2 h and germination at 25°C) in 
comparison with that one from variant 3, without exposure at 50°C, indicates the risk at 
which the seeds of this specie are exposed when during germination process a strong and 
sudden increase of temperature associated with a low humidity occurred.  
Tab. 6 
Synthesis of comparisons regarding germination energy of sweet sorghum seeds 
 
Variant Number of germinated seeds Signification 
1 24.25 A 
4 30.25 B 
2 36.25 C 
3 47.00 D 
Theoretic SD values 2.67; 2.79; 2.85 
  
  Tab. 7  
The influence of temperature on the length of embryonic roots of sweet sorghum plantlets 
 
Variant Length of embryonic roots (cm) % Difference Signification 
1 6.65 100.0 0.00 control 
2 9.78 147.0 3.13 *** 
3 8.50 127.8 1.85 *** 
4 9.38 141.5 2.73 *** 
LSD (p 5%) 0.38; LSD (p 1%) 0.55; LSD (p 0.1%) 0.81 
 
Data regarding embryonic roots length of sorghum plantlets appertained to those 
four experimental variants were statistical analyzed using ANOVA test. Comparing the 
obtained results (Tab. 7) it can be observed that all applied treatments had a positive 
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influence on roots length. The recorded increases were very significant from statistical 
point of view for all experimental variants.    
To evaluate the efficiency of applied treatments, Duncan test was used (Tab. 8). 
The obtained results indicate a special influence of each treatment but among these the 
strongest influence has treatment from variant 2, which for seeds were put to germinate at 
25°C with a previous imbibition for 24 h at 25°C. 
Tab. 8 
Synthesis of comparisons among lengths of embryonic roots at sweet sorghum 
 
Variant Length of embryonic roots (cm) Signification 
1 6.65 A 
3 8.50 B 
4 9.38 C 
2 9.78 D 
Theoretic SD values 0.40; 0.54; 0.41 
 
 
The obtained results permitted to draw some conclusions which are further 
presented.    
 
CONCLUSIONS 
 
Regarding germination energy of maize and sweet sorghum seeds in case of the 
material studied in laboratory, both in standard conditions and in other experimental 
treatments, it can be concluded that sweet sorghum seeds had bigger germination energy 
than maize seeds.  
In case of sweet sorghum the biggest number of germinated seeds was obtained as 
result of maintaining of seeds at 25°C during germination process. At maize, in comparison 
with sweet sorghum, the biggest number of germinated seeds was obtained after a previous 
imbibation of seeds for 24 h at 25°C, followed by maintaining them at 25°C temperature. 
In case of maize the occurrence of a positive thermal stress after seeds imbibition in 
water during 24 h at 25°C (variant 4) determines a significant decrease of germinated seeds 
number in comparison with treatment which for seeds imbibition is not followed by 
temperature fluctuation (variant 3). In case of sweet sorghum the occurrence of such short 
period of thermal stress also determines a significant decrease of germinated seeds number 
but with 8.5% lower than for maize.  
The obtained results indicate bigger sensibility at fluctuant humidity, respectively 
smaller germination energy of maize seeds than sweet sorghum seeds. 
The biggest length of embryonic roots for both species was recorded in case of 
treatments which for seeds were put to germinate at 25°C after a previous imbibition for 24 
h at 25°C. It has to be mentioned that the biggest embryonic root was recorded at sweet 
sorghum, with 2.8 mm longer that embryonic root of maize. The occurrence of a positive 
fluctuation of temperature even for a short period (50°C for 2 h) determined the 
development of the shortest embryonic root at maize in comparison with embryonic roots 
of sweet sorghum exposed to all treatments and even with embryonic roots of maize 
exposed to the other treatments. This fact could indicate a lower capacity of maize plantlets 
to benefit of deep soil layer humidity of germinal bed.  
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